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ABSTRACT The Center of the Milky Way emits radiation through all the electromagnetic
spectrum due to the presence of several astrophysical phenomena. Various scientifical questions
remain unsolved in the picture that emerge from observations, the main one being the presence
and activity of a supermassive black hole at the Galactic Center. Also in the X-ray band a strong
diffuse emission is detected up to 22 keV, it has been suggested that its origin is linked to past high
energy activity of the Galactic Center. The French SIGMA soft gamma ray telescope on board
the Russian Granat satellite observed the Galactic Center (GC) for about 9 × 106 seconds from
1990 to the end of 1997. Its unique imaging capabilities coupled with the unprecedented exposure
already allowed us to set preliminary constraints on the persistent high energy emission from Sgr
A*. Here we present a new analysis of the complete set of observations of this region taking into
account the possible presence of diffuse emission in the low energy channels. This allows us both
to test current advection models of high energy emission from SgrA* and to investigate on past
high energy activity.
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1. INTRODUCTION
The centre of our Galaxy, being the nearest Galactic Nucleus, represents a fun-
damental object of study in modern astrophysics. However conflicting conclusions
have emerged from the analysis of observations in different wavebands. The most
striking example of these problems is the apparent paradox between the presence
of a supermassive black hole at the position of SgrA*, the source coincident with
the dynamic centre of the Galaxy (Eckart & Genzel 1997) and its lack of activity
in the X-ray domain (Goldwurm et al. 1994).
Recent advection models which produce accurate flux predictions along all the elec-
tromagnetic spectrum have been proposed for Sgr A* (Narayan et al. 1998). Flux
and spectral distribution in the 1-100 keV band are particularly critical in this
model. However observations in these domains have long been limited by the poor
angular resolution available at these energies and by the source density in the GC
region. A complex diffuse emission is also present in the 3-20 keV band (Markevitch
et al. 1993). A careful subtraction of these contributions must be accomplished be-
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fore evaluating SgrA* emission. In order to investigate these issues, we analyzed all
the hard X-ray observations of the central square degree of the Galaxy performed
by the SIGMA telescope up to 1997.
2. OBSERVATIONS AND RESULTS
The French hard X-rays (30-1300 keV) telescope SIGMA is described in Paul et
al. 1991. Launched on 1 December 1989 onboard the Russian Granat Space obser-
vatory, SIGMA has observed twice per year up to 1997 the GC region for a total
effective time of ∼ 9.2 × 106 s obtaining hard X-ray images with 15’ angular reso-
lution and typical 1σ flux error of < 2-3 mCrab (1 mCrab is about 8 × 10−12 erg
cm−2 s−1 in the 40-80 keV band).
In the central square degree of the Galaxy SIGMA detected the X-ray burster
A1742-294 and the unidentified source GRS 1743-290 (Goldwurm et al. 1994) during
several GC observations and the bursting pulsar GROJ1744-28 in 1996 and 1997
(Bouchet et al. 1996). A1742-294 and GROJ1744-28 are considered neutron star
binaries while the nature of GRS 1743-290 is less well determined.
GRS 1743-290 is a soft point source (α ∼ 3) with a flux of ∼ 10 mCrab in the 40-80
keV band. At lower (3-20 keV) energies the ART-P telescope detected extended
emission centered near GRS 1743-290 best position (Markevitch et al. 1993) but
no point source coincident with the source’s position (Pavlinsky et al. 1994). In
this direction several molecular clouds complexes are present (Morris & Serabyn
1996) and the extended emission at E> 10 keV has been attributed to Thomson
scattering on these clouds of the flux from nearby compact sources in the present
and in the past (Markevitch et al. 1993). It has been deduced on the basis of this
hypothesis that the central black hole did not emit at the Eddington luminosity for
not even a day in the last 400 years (Sunyaev et al. 1993). An extrapolation of
the ART-P spectrum of the extended emission with a power law with photon index
α=-2-3 implies a 40-80 keV flux in the range 5-20 mCrab depending on the spectral
index. These facts suggest that SIGMA could have detected this emission along
with the emission from the point source GRS 1743-290.
We produced light curves of GRS1743-290 in the 40-80 keV band for all SIGMA
observations. Our results indicate that the source is variable GRS 1743-290 flux
passes from 20 ±4 mCrab in Spring 1991 to less than 8 mCrab (2 σ upper limit) in
Spring 1993. Its light curve is similar to the one of the neutron star binary Terzan
2 (Vargas et al. 1997) in this band. Detailed results will be presented elsewhere.
We also tried to fit an extended emission model to our images, our model being
a gaussian with 40’ FWHM convolved with the instrument’s PSF, extended along
the galactic plane and centered on GRS 1743-290. We performed our fit both to
the total sum of SIGMA GC observations and to the image of 1991 observations
when 1E1740.7 -2942 had a very weak emission. We made three different hypothesis
on the nature of the emission at the position of GRS 1743-290: a point source, an
extended one and a sum of both. In this case our results are preliminary but in
the 1991 image unacceptable χ2 were obtained with the diffuse emission model thus
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Figure 1 Soft X-rays and hard X-ray experimental data on the emission of SgrA* are shown
along with the ADAF model (Narayan et al. 1998). The soft X-ray points are taken following
the criteria of Narayan et al.
confirming the point source nature of GRS 1743-290.
The case for the summed image is more complex as closer inspections of SIGMA
images show an irregular background in this region that could seriously complicates
the model of the source. In fact point and diffuse source fits leave some extended
structures at a level of 2-3 standard deviations. The quality of the data thus makes
difficult to draw strong conclusions on the basis of our images. Our result however
exclude the presence of a strong diffuse source in the 1991 image and we can thus
tentatively estimate an upper limit (1 σ) of ∼ 10 mCrab (i.e. half of the flux of
GRS 1743-290 on that date) in the 40-80 keV band. This limit is compatible with
an extrapolation of the 3-20 keV emission detected by ART-P with a spectral index
α ∼ -3.
We then searched for emission from SgrA*, after proper subtraction of nearby
sources. We did not detect any emission, the results are summarized in Table 1,
they are also shown in Figure 1 along with soft X-rays upper limits defined following
the criteria of Narayan et al. (1998). A rough estimate (case A) has been made
using the sensitivity of our images to point sources (not considering the influence
of nearby sources). A more conservative estimate (case B) has been made trying
to fit along with the already known sources an additional point source centered on
SgrA* and calculating which values are compatible with the observed shape.
At energies higher than 150 keV only 1E1740.7-2942 is present in the field and only
one upper limit is quoted. In general our limits are 50 % better than the ones
presented by Goldwurm et al. (1994) and still no emission is detected from Sgr A*.
3. CONCLUSIONS
We investigated on the nature of GRS1743-290 and we searched for hard X-ray
emission from SgrA*. We conclude that GRS1743-290 is probably a point source,
possibly a neutron star binary (Goldwurm et al. 1994) Diffuse emission detected
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Table 1 2σ upper limits for SgrA* emission for a Crab-like spectrum in cases A and B (see
text for details).
Energy range Integrated luminosity (A) Integrated luminosity (B)
keV erg/s erg/s
40− 80 keV 2.0× 1035 3.4× 1035
80− 150 keV 2.0× 1035 2.8× 1035
150− 300 keV 5.2× 1035 5.2× 1035
at lower energies has a flux lower than about 10 mCrab (1σ statistical upper limit)
in the SIGMA band. We searched for emission from Sgr A* and we did not detect
any signal obtaining improved upper limits. These limits are not constraining for
present-day ADAF models and further observations in this energy domain will be
crucial for these models. In particular INTEGRAL Deep Galactic Center exposure
will be able to detect the predicted flux (Goldwurm et al. 1999).
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